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TUNING MAGNET POWER SUPPLY

B.M. Han, G.G. Karady
Arnizona State University
Tempe, AZ

ABSTRACT

The particles in a Rapid Cyclgg Accelerator are accelerated by RF
cavities, which are tuned by biased ferrite cores. The tuning is
achieved by the regulation of bias current, which is produced by a
power supply. The wning magnet power sulgply utilizes a bridge
circuit, supplied by a three phase rectifier. During the rise of the
rurrent, when the particles are accelerated, the current is controlled
with precision by the bridge which operates as a power amplifier.
Diuring the fall of the current, the bridge tes in a switching mode
and recovers the energy stored in the femites. The recovered energy
is stored in a capacitor bank. The bridge circuit is buil! with 150
power wansistors. The drive, protection and control circuit were
designed and built from commercial component. The sysiem will be
used for a RF cavity experiment in Los Alamos and will serve as a
prototype tuning power supply for future accelerators.

INTRORUCTION,

The beam in a rapid cycling accelerator is acceleraied by RF tuned
cavities, which are directly coupled 10 the anode of a powerful
klysoon tube. The cavity is continuously tuned to the resonant
frequency of the system. The tuning range is narrow, but efficient
enerzé transfer requires high precision. Accurate tuning is achieved
by DC current biased fernite cores, located at the end of the cavity.
The bias windings are placed between the ferrite cores and supplied
by a controllable power su]mly. The power supply is placed in a feed
back loop, which controls the bias current and tunes the cavity, The
bias current varies between 600 10 1500 A,

This paper describes the accurately conroliable power supply which
was developed for tuning the RF cavities.

REQUIREMENTS,

The tuning magnet power supply drives a current impulse through the
bias winding. The required current and the corresponding voltage
are shown in Figure 1.
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Figure |. Required curren: and voluge.

The rising part of the current wave has to be controlled very
accurately, It has to follow the required waveform with better than
1% accunucy,

The descending part of the wave does not affect the acceleritor
operstion. ‘The curtent has to be controlled in such a wiy that the
induced voltage is munimized.

H.A. Thiessen
Loy Alamos National Lab.
Los Alamos, N.M.

The bias winding has Jow resistance and represents a mostis inductive
load. This inductance stores a considerable amount of energy when
the curren: is maximum. This energy has to be dissipated or
recovered during the current descent. The latier is the c2sirable and
selected solution. Also, the inductive load makes accurate current
control difficult, because change of current requires hign voliage. A
further complication is that the ferrite saturates dunng thz current rise.
In addition, the system requires about 600 A DC bias current, which
represents a constant load.

POWER SUPPLY CONCEPT AND OPERATION,

During the development of the tuning magnet power suppiy circuitry,
several ditferent concepts were investigated and the mos: promising
ones w:re tested. The result of these studies is the circuit shown in
Figure 2.
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Figure 2. Tuning Magnet Power Supply configuration.

The system operation is divided into three stat:s, whick are shown in
Figurc 3.

Siate 1. The current increases in amplifier operator nanie,
Figure 3u. Operatinn maodes.

In State 1 the trunsistor switch is on and the incress.w; cumant i
controlled by the large vansistor amplifier.  This r.ods permits
accurate and continuous current control. A special o ped of the
ctreult is that the amplifier is supplied by a decreasing + wiage of the
capacitor bunk, which stores the magnetic energy o the ferntes
When the current reaches ity maxitnum value, the i changed o
a switching mode. In this maode, the amphifier i wer-o off and the
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State 3. The current decreases in switching made.
Figure 3. Operation modes.

transistor switch is turned on and off, using the pulse modulation
techniques. This operation has two states:

In State 2 the transistor switch is on and the inductance current is
freewheeling through the diode. Because of the low circuit losses,
the current decreases slowly.

In State 3 the transistor switch is off and the inductive current
charges the capacitor bank, this recovers the energy. The capacitor
bank voltage decreases the current rapidly.

By the selection of the on and off times. the current descent can be
regulated fairly well. The energy recovered from the ferrite increuses
the voltage of the capacitor bank by 10-15 %.
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Fagute 4 Transistor Switch circut,

When the current is decreased to the bias current level the system is
switched to State | and the amplifier maintains the fernte current at
the bias value. At the beginning of the next cycle the control signal
regulates the amplifier, which incCreases the femnte current.

The system is supplied by a 30V, 1500A three phase recuifier, which
provides filtered DC voliage. The recufier is protected by a fast acting
circuit breaker, which has overcurrent protection and can be operated
remotely.

The capacitor bank is rated 10 60V and 6.5 Farad.

The transistor switch consists of four Darlingtons conrected an
parallel, each of them, is raied 500V and 400A. The Darlingtons are
equipped with a snubber circuit and controlied by an opucally
insulated switching drive circuit. The transistor switch 1s water
cooled and its circuii is shown in Figure 4.

The diodes are water cooled high power units rated at 1000A and
S00V.

‘The amplifier is built with 150 power transis‘ors connected in parallel.
The transistors are divided into 15 modules, each protected by a fuse.
Equal current sharing is assured by & 0.03 ohm resistor connected in
series with each power transistor. The Lases of the transistors are
supplied through a protection diode by an amplifier drive circuit,
consisting of operational amplifiers and high power ransistors.
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Figure 8. Amplifier Module.
CONTROL CONCEPT

The tuning magnet power surply operates in a feed back circuit and
receives an analogue control signal. The ferrite bias current has ¢
follow the increasing pan of the signa' with high accuracy, however,
the current has to decrease to the bias current value before the next
cvele starts. Linear current descent is se'ected, but any other wave
shape can be obtained. The control conce pt is shown in Figure 6.
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Figure 6. Control Concepi
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Figure 7. Control circuit operation

The amplifier drive circuit has a feedback loop that increases the
circuit accuracy. The operation of the control circuit is described in
Figure 7. The circuit was tesied with ¢ biased sine wave.

The main components of the svstem are protected by high power
fuses. In addidon. 2 separate protection circuit is built in the conrro!
cabinet. This circuit monitors the voltages and the currents of the
critical components and switches off the muin circuit breaker in case
of an ovetload or overvoltage. The condition of the fuses is also
monitored. Tne operation of the fuses 15 indicated on the contro!
panel. If more than three fuses are blown, the protection carcurs shuts
down the main supply,

The proper operation of the system was verified at first by compter
model. which simulated the operation of the system. This comnuter
maodel was used as a design tool. The maximum and average cumments
and voltages of the components were caleulated. This iead to the
accurate design of the components.

Lipon the completion of the svsem design, o scaled down model
circuit was bult and tested  The proper operation of the made]

venfied the devign. Thiy model was used to develop the control and
dnver cireunts

The next phase was the construction of an engineering mosdei which
will be used for the RF cavity experiment in Los Alamos anéd will
serve as a prototype for the future tuning magnet power suppiies,
The power supply is housed in two standard cabinets, one of them
has the control and drive circuits, the other the high power bridge.
The DC source is a separate uni:.

N N N
The tuning magnet powe: supply wilizes unigus ciseuis o sursiy the

highly inductive load of the ferTite magnets with an acourate vurren:
wave. This Cireuit operates as an amplifier dunng the cusens nae an!

as a switching circuit duning the current descens. The azvaniizs o)
this solution ere:

inductive energy recove,v

accurute current control

cost effective and reliabie circuits

use of commerciadly avalable companen:s

11} B M Har. GG Kuarady, Power Su?\pl_v For Aceelerator Tuniny
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